We report a study of ELF (10-1500 Hz) chorus in the midnight sector of the outer magnetosphere. This investigation, which is based on Ogo 5 search coil magnetometer data, complements earlier studies that surveyed ELF and VLF waves at large geocentric distances for all local times and revealed many important features of chorus in the dayside magnetosphere.
100-keV electrons in the outer magnetosphere would be generated at extremely low frequencies of 10-1000 Hz and at very low frequencies of 1-30 kHz. Once the waves are generated and propagate away from the source region, they may interact with particles in other regions of the magnetosphere. In addition to pitch angle scattering of particles into the loss cone, several possibilities exist for collisionless damping of the waves and the simultaneous acceleration of trapped particles.
The Ogo 5 search coil data are well suited to an investigation of this kind. A majority of the inbound passes of Ogo 5, which were used exclusively in this study, were within 10 ø of the geomagnetic equator in the outer region of the TSURUTANI AND SMITH' POSTMIDNIGHT CHORUS 119' magnetosphere. The Ogo 5 experiment also benefited from increased sensitivity relative to the earlier Ogo I and 3 search coil experiments. An even more significant advantage is the availability of broad band (1500 Hz) analog signals transmitted by the Ogo 5 special purpose telemetry. By examination of these analog wave forms, chorus signals can be unambiguously distinguished from background noise, interference, and emissions other than chorus, such as plasmaspheric hiss and magnetosheath lion roars. This safeguard was employed for all chorus used in this analysis.
The ELF emissions were detected in the midnight sector of the magnetosphere in conjunction with magnetospheric substorms. The emissions were observed at local midnight and early morning hours and are accordingly called 'postmidnight chorus.' The characteristics of these emissions such as their frequency-time structure, emission frequency with respect to the local equatorial electron gyrofrequency •cq-, intensity-time variation, and the ave•'age intensity were investigated. The occurrence of the chorus in the nightside magnetosphere was investigated as a function of local time, L shell, magnetic latitude, and substorm activity, and the results of this analysis are presented below. Finally, specific features of postmidnight chorus are discussed in the context of possible wave-particle interactions occurring during magnetospheric substorms.
EXPERIMENT •)ESCRIPTION
The three orthogonal magnetic field components of ELF waves were detected by triaxial sensors located at the end of a boom ~7 m from the body of the spacecraft. The induced amplified voltages were transmitted down a boom cable to the main electronic assembly where they were further amplified and fed into the digital and analog data channels. Digital data were obtained from a set of three spectrum analyzers, each having seven channels at center frequencies of 10, 22, 47, 100, 220, 470, and 100'0 Hz. The broad band analog voltages with frequencies from 1 to 1500 A preliminary survey of naturally occurring signals in the midnight sector of the magnetosphere in the region beyond the plasmapause was carried out by using the digital spectrum analyzer data; these data provided essentially continuous coverage of the signals detected on all three axes. After intervals containing signals were identified, the available a.nalog data. were reduced and analyzed. Magnetic tape recordings of the experiment SCO signals made at the tracking station were played back, demodulated, and analyzed by a real time spectrum analyzer and signal averager to obtain films of the frequency-time behavior as well as analog plots of average spectra.
CI-IARACTERISTICS OF MIDNIGI-IT CI-IORUS
The laboratory analysis of the analog data has revealed some of the important features of chorus in the midnight sector. The two most common types of emission are banded structureless chorus and falling tone chorus. Examples of the structureless chorus, including quasi-periodic intensity modulation of these signals (a commonly detected feature), are presented below. Chorus consisting of two frequency bands occurring simultaneously has also been observed. Chorus of this type involves structureless chorus and falling tone chorus, as well as a third feature, rising hook emissions. Examples of each will also be presented below.
A common signal in the midnight sector is displayed in Nort.hern auroral zone magnetograms were examined to determine if midnight chorus is substorm related. In all cases except one, large _• 100-¾ negative magnetic bays were seen at two or more ground stations during times of chorus detection. C.onversely, chorus was not detected during quiet intervals when magnetic bays were absent. Figure 11 shows the relationship of chorus to geomagnetic activity by displaying chorus occurrence as a function of the AE index. Electron pitch angle scattering into the loss cone results in a net decrease of the trapped electrons and the growth of wave energy, assuming conservation of wave and particle energy to first order [Brice, 1964] .
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Cyclotron resonance interactions would be expected to be strongest near the equatorial plane where the local cyclotron frequency and resonant parallel electron energy are at a minimum and, correspondingly, the largest number of particles can interact with the waves. Large wave intensities would therefore be expected near the magnetic equator, an inference that readily explains why chorus is found near the equator (Figure 8) .
As the waves propagate away from the generation region, their wave normal directions quickly diverge from the ambient magnetic field lines [Burton, 1973] on a portion of the particle distribution function that is decreasing with energy, Landau resonance will lead to damping. Thus electrons that travd opposite to the waves and are in cyclotron resonance with them at this frequency will cause wave growth, whereas particles with the same parallel energy but traveling in the same direction as the waves will cause wave damping.
Burris and Various types of emissions were presented to demonstrate the variability and complexity of chorus structure in the midnight sector of the outer magnetosphere. Such complex frequency-time structure, which is presumably associated with source effects, is poorly understood at present. In the outer magnetosphere, thermal electron densities are lower than hot auroral electron densities by an order of magnitude [DeForest, 1972] . This condition makes nonlinear interactions possible, whereby generation of chorus involves a significant portion of the electron spectrum; such interactions alter' the electron distribution and in turn affect the properties of the medium through which the waves are propagating. However, in other regions of the magnetosphere, such as inside the plasmasphere where the electron distribution function peaks at thermal energies, ELF waves such as plasmaspheric hiss [Thorne et al., 1973] can be accounted for reasonably wall by the Kennel and Petschek [1966] theory. 
